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Our Reference Model for Early Design
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Capturing Variability
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Emily’s Power Window Example
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Capturing Latency

System

Feature Model

Form timing chains using functions and
function connectors

Assign latencies to functional devices and
analysis functions

Assign message sizes to function connectors

Functional Analysis Architecture

Hardware Design Architecture \_/

Deployed to smart node affects function
latency

Deployed to hardware connector affects
function connector latency

Device Node Classification

Communication Topology

Power
Topology

Assign speed factors to smart nodes
Different communication connectors have
different transfer rates.




Capturing Mass, Parts Cost, and Warranty
Parts Cost

RQ1: What aspects of our reference model are unique and not found

System in current meta-models for E/E architecture? Or are found but not
supported by reasoning?
Feature Model * Assign mass to device nodes.
. . _ Cost
Functional Analysis Architecture * Multiplicative factor for unit length cost for

each connector type.

e Assign cost to device nodes.

Hardware Design Architecture \_/

Device Node Classification Power Warranty Cost
.. Topology e Assign replacement cost to device nodes.
Communication Topology * Assign failure rate in PPM
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Some Example Design Exploration Scenarios

1.

Emily would like to investigate the possibility of adding a dedicated ECU
to each door (we call the door module). Precisely, she would like to find
out if it is a cost effective solution while meeting the requirements for
mass and latency.

Emily is tasked with designing the power window for a higher end car in
which cost is irrelevant but mass should be minimized, she would like to
explore the possible designs. Additionally, since it’s a high end car, all
features should be included. Lastly, the end-to-end latency for pinch
detection to react and reverse the motor should be less than 200 ms.

Emily would like to minimize the cost, regardless of the features to
support an “economy class” vehicle her company is rolling out. Is there
an optimal car design that does include all features?



What Design Decisions Can We Make?

System

Feature Model

Functional Analysis Architecture

Hardware Design Architecture \_/

Device Node Classification

Communication Topology

Power
Topology

Variability

Combine the system model with variability

Feature “ExpressUp” is in the
architecture.

“WinArbiter” function is implemented
in hardware.

The “Switch” device node is smart

The “DoorModule” device node is
present in the architecture

The “winCmd” function connector uses
the “localDoorBus” bus connector to
communicate.



What Design Constraints and Objectives Can

We Have?

System

Feature Model

Functional Analysis Architecture

Hardware Design Architecture \_/

Device Node Classification

Communication Topology

Power
Topology

Latency

Mass

Parts Cost

Warranty Parts Cost

Combine the system model with quality perspectives

1. The end to end latency
for the timing chain from
the “WinSwitch”
function to the
“WinMotor” function is
less than 500 ms.

2. Minimize the total mass

of the system



Generalizing the Possible Specifications

Reference Model
Concept

Template Design Decision

Features

Feature X is present in the architecture

Functions & Connectors

Function X is deployed to device node(s) Y(1) or Y(2) or ... Y(m)
Tunction X is present in the architecture

Funetion connector X is present in the architecture

Function X is implemented in <hardware|software>

Device Nodes

Device node X is <smart|electric/electronic|power>
Device node X is present in the architecture

Power Connectors

<Load|Device> power connector X is present in the architecture
The <load|device> power connector X should be provided <to|from> device node(s)
Y(1) or Y(2) or ... Y(m)

Communication
Connectors

<Bus|Discrete|Analog> connector X is present in the architecture

Function connector X does not use a hardware connector to communicate

Function connector X uses connector(s) Y(1) or Y(2) or ...Y(m) to communicate
Bus Connector X is of type <LIN|Low Speed CAN|High Speed CAN|FlexRay>

The <bus|discrete|analog> connector X should have device node(s) Y(1) or Y(2) or

... Y(m) as endpoints

Quality Attribute | Template Design Constraint | ID
- The end-to-end latency for timing chain X must be <less|greater> <than|than or equal to> | DC1
Timing (End-to-End v ‘ - -
Latency) ) - . . . -
v) The largest end-to-end latency difference for timing chains X(1), X(2), ..., X(n) must be | DC2
<less|greater> <than|than or equal to> Y
The margin between the timing chain X end-to-end latency and the requirement latency of Y | DC3
must be <less|greater> <than|than or equal to> 7
Timing (Margin) For all margins between the timing chain(s) X(1), X(2), ...X(n) end-to-end latency(s) | DC4
and the requirement latency(s) Y(1), Y(2), ...Y(n) the <minimum|maximum> must be
<less|greater> <than|than or equal to> than Z
The total mass of the architecture must be <less|greater> <than|than or equal to> Y DC5
Mass The mass of X must be <less|greater> <than|than or equal to> Y DC6
B The sum for mass of components X(1), X(2), ... X(n) must be <less|greater> <than|than or | DC7
equal to> Y
The total cost of the architecture must be <less|greater> <than|than or equal to> Y DCS
Parts Cost The cost of X must be <less|greater> <than|than or equal to> Y DC9
o The sum for cost of components X (1), X(2), ... X(n) must be <less|greater> <than|than or | DC10
ermal ta~ V
" Quality At- | Template Design Objec- | ID an|than or equal to> | DC11
rrantv Parts Cost | tribute tives
Warranty Parts Cost .Y DC12
<Maximize|Minimize>  the | DO1 it be <less|greater> | DCI13
margin between the timing

chain X end-to-end latency
and the requirement latency

of Y
Timing <Maximize|Minimize>  the | DO2
(margins) <smallest|largest > margin

between the timing chain(s)
X(1), X(2), ...X(n) end-
to-end latency(s) and the
requirement latency(s) Y(1),
Y(2),...Y(n)

Mass <Maximize|Minimize> the | DO3
total mass of the architecture

Parts Cost <Maximize|Minimize> the | DO4
total cost of the architecture

Warranty <Maximize/Minimize>  the | DO5
Parts Cost total warranty of the archi-
tecture
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Example

RQ2: Are there design exploration scenarios in which considering our
reference model we can consider while others can not?

Emi/y is tasked with designing tl

is irrelevant but mass SNOUIA De ... .......ccc, ciic v e et ee eriprar e e oeomimee
designs. Additionally, since its a hlgh end car, all features should be included. Lastly,
the end-to-end latency for pinch detection to react and reverse the motor should be
less than 200 ms.

Feature “ExpressUp” is in the architecture AND The end-to-end latency for
timing chain PinchDetection TC must be less than 200 ms AND Minimize the
total mass of the architecture
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How Is This All Possible?
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Visualizing Tradeoffs With Clafer Web Tools

[ ClaferMooVisualizer X ordan’ — x
&« C | [ localhost:2092 oits 0o =
e e Input Clafer Model and Options ee Bubble Front Graph e Objectives and Quality Ranges
Choose File | No file chosen Optimize | ¥ Load into editor 0 WithDoorModuleWeight , min totalCarCost
Or Choose Example... ¥ | Optimize Use cached results min totalCarWarrantyCost
Or enter your model: Optimize |Scopes: Fast v \ .
- y 4 P . T |max WithDoorModuleWeight
2 20000 e BlalaarMadulaibiainht M
p -] e e Spider Chart
4 + | = 18000 0 - .
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* | 216000 -
& =
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ifier) z =
Choco-based (MOO & magnifier) v 3 12000 %
= =
2 10000 g
- g
38 optimal instance(s) within the scope 8000 =
> Ba nd output en .
ne s x N 250 300 350 400 450 500
i oVisualizer> done!
totalCarCost
- ) £
ee Parallel Coordinates Chart El (SN Variant Comparer
Fvariant totalCarCost [mm] total CarWarrantyCost [mm] WithDecrModuleWeight [max] NoDecerMeduleWeight [max] Select variants for comparison
30+ - — 3 1
? - 20000 i 4
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i 18000 - 1 T
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207 6000 -
400 i ]
4z 4000 4
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3504 i 4
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Search: Distinct | | Reset filters Save all variants | 30 out of 30 variant(s) satisfy the criteria Shown all matching ¥/ Show nested quality attributes
| Model \ Variants X 1 X 2 [x 3 X 4 x 5 X 6 X 7 x 8 Ix 9 [x 10

SmartDeviceNode -



Case Studies

https://github.com/gsdlab/ClaferCaseStudies/tree/master/PlainClafer/Automotive/

BodyDomain
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Door Locks Feature Model
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Model Sizes

Features
Analysis Functions
Functional Devices

Deployment
Configurations

Function
Connectors

Device Nodes

Discrete/Analog
Connectors

Bus Connectors

Number of Variants

Single Door Power
Window

3(2)
3 (1)
4(1)
64

6(2)

6(2)
13 (13)

1(1)
32 thousand

Two Door Power

Window
6 (4)
6 (2)
9(2)
4096

7(4)

10 (3)
18 (18)

2 (1)

> 959 million

Central Door Locks

7(6)
3(2)
33 (15)
96

33 (18)

21 (14)
34 (30)

2 (1)

~ 2 thousand



How Does Our Approach Compare?

| Tools
| AF3 | OSATE

Scenario

| ArcheOpteriz | AAOL

N RQ1 Answer: Features, variability at all layers,
function implementation, discrete/analog

connectors, and power topology

RQ1: What aspects of our reference model are unique and not found
in current meta-models for E/E architecture? Or are found but not
supported by reasoning?

>

ally check satisfiable de-
ployments.

Dumb vs. Smart

No. Can’t model switches
and motors, discrete/ana-
log connectors. No support
for warranty cost.

No. Can’t model dis-
crete/analog  connectors.
No support for warranty
cost.

No. No optimization sup-
port. No support for war-
ranty cost. However, non-
smart devices can be mod-

eled.

No. Can't model dis-
crete/analog  connectors.
No support for warranty
cost.

High-end car ‘

Economy car

Distributed vs.
Centralized

No. Can’t constrain the la-
tency of specific function
combinations.

No. No optimization or
modeling support for mass.

No. No optimization sup-
port, however detailed la-
tency analysis can be done.

No. Can’t constrain the la-
tency of specific function
combinations.

No. Can’t model variable
features.

No. Can’t model variable
features.

No. Can’t model variable
features.

No. Can’t model variable
features.

No.

No. However, there is sup-
port to specify more than
one deployment.

No. However, one could
specify multiple system im-
plementations to model
two of the variants.

No. However, they have
shown how they can model
this for different qualities.
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A Closer Look at the Economy Scenario

e Parallel Coordinates Chart . (SXC) Variant Comparer
#variant totalCarCost [min] totalCarMass 13 837
» totalCarCost =
1 ' -‘ totalCarWarrantyCost '8 6452

RQ2: Are there design exploration scenarios in which considering our
reference model we can consider while others can not?

TimingRequirements 3

TimingRequirements.BasicEndToEndLatency ? ‘2
TimingRequirem ents.PinchDetectionEndToEndLal;cg

(=]

TimingRequirements. ControlInputSynchLatency ?
123

(]

RQ2 Answer: Yes!

Differences

DriverWinSys.DWinSysFA.SwitchToControlDevicel
123

[x 7 [x 8

30 25

e6 Feature and Quality Matrix 2]
Search: Distinct || Reset filters | | Save all variants | 7 out of 21 variant(s) satisfy the criteria  Shown all matching ¥ Show nested quality attributes
| Model \ Variants X 7 X 8 X 9 [x 18 X 19 x 20 X 7E]
DriverWinSys !
DWinSysFM 3
basicUpDown
express ? 1 0@ J) 9 J) o) Y Y]
expressUp ? % ) Y] J) Jd Y Y Y]
DWinSysFA = 3
SwitchToControlDeviceLatency ' 30 25 25 30 30 25 25
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Looking at the Chocosolvers Performance

| Single Door Power Window | Two Door Power Window ‘ Door Locks

Design | Solving | Std. Number of | Solving | Std. Number of | Solving | Sid. Number of
Spec. Time Dew. Instances Time Dew. Instances Time Deu. Instances

6 1E ) 16 RQ4: Is it even feasible to ask the individual design
DD1 | 53 | 0.6 | 10 | 1438 | 16 | 10 | 27011 | 100 |10
Dbz |52 |03 |10 e |16 |10 |7 |27 |10 decisions, constraints, and objectives shown earlier?
DD3 | 567 |05 | 10 | 135 | 2.3 | 10 | 270.0 | 106 | 10
DD4 | 537 | 05 | 10 | 1365 | 24 | 10 | 402.79 | 7.1 | 10
DD5 | 520 | 05 | 10 | 13.65 | 1.9 | 10 | 762 | 2.0 | 10
DD6 | 5.1 | 0.3 | 10 | 1491 | 25 | 10 | 270.62 | 6.1 | 10
DD7T | 546 | 02 | 10 | 4288 | 100 | 10 | 27215 | 6.8 | 10
DDs | 458 | L0 | 10 | 1482 | 2. | 10 | 21.63 | 17 | 10 Qg 9
DDy |45 |05 |10 e |16 | 1w ez |35 |10 RQ4 Answer: The majority are feasible however,
DD10 | 4.66 0.4 10 12.02 | 2.3 10 27.15 | 24 10 2 2 2 2 2

Mo e | | | | | | | | there are issues in when trying to find all optimal
DDil | 562 | 0.3 | 10 | 1300 | 22 | 10 8241 | 25 | 10
DD12 | 507 | 0.3 | 10 | 47 |07 | 10 | 798 | 11 | 10 Solutions
DDI3 | 461 | 03 | 10 | 1219 | 21 | 10 | 2559 | 2.1 | 10
DD14 | 17.2 | 1.0 | 10 | -lltllfullL‘ ‘ - ‘ 5.15 | 1.3 | 10
DC1 | 437 | 04 | 10 | 1360 | 21 | 10 \ 76.44 | L5 | 10
DC2 | 488 | 04 | 10 | 13.8 2.5 | 10 | 7803 |29 | 10
DC3 | 462 |03 | 10 | 1418 | 20 | 10 | 7681 | 1.6 | 10
DC4 | 516 | 04 | 10 | 1461 | 16 | 10 | 76.95 | 1.8 | 10
bes r  Joi [ qmis i [0 Jws 120 | Boy  [am |03 |10 R ECRERE
DC6 | 461 | 0.4 | 10 | 1 | 1.6 | 10 | 7581 | 1.9 | -
DCS | 474 |03 |10 | lmuom\ - | - 2352 |51 | POl | ]”““”“‘ | - | Timeout| - | - | ]”“(‘(”“‘ - | -
DO1 |Timt>out| - |— | lmn.om‘ - ‘— ‘ llmeoul| - | DO2 | lllll(()]ll‘ | - ‘ '[qillliﬁ‘(_)lll| - ‘ - | -]‘illl("(ﬂll‘ - | -
b2 [ Twenl |- [Twew| | [Tl | Doz | wes |15 |9 Ctmeont - | - [20r13 [ 16 |
DO3 | 3096 | 1.5 | 9 | Timeout| - | - | 20113 | 16 |
DO3, 37.87 1.5 9 Timeout - Timeout | - I)() 3T.87 1.5 9 Fimeout | - - limeout ) - -
DO4, DO4,
D05 DO5




Looking at the Chocosolvers Performance

Scenario

1 - With ECU

RQS5: Is it feasible to ask the 6 design scenarios when considering the |
single and two door power window model?

r Window

Number of
Instances

0

| Fa W T | | .0 | (T | | P LB | | N o
1 - No ECU 27.12 RQ5 Answer: It is feasible when considering the - -
9 513 single door power window, however not for the 1.0 10
, two door case.
3 - Smart 280,21 | - -
3 - Dumb 23.93 0.5 6 Timeout - -
4 25.56 0.6 3 Timeout - -
5 29.33 0.8 21 Timeout - -
6 - Centralized - - - Timeout - -
6 - Distributed - - - Timeout - -




Conclusion

* Presented a reference model for early design of E/E architectures.

e Showed how the reference model can be used to model a power window
architecture that expresses millions of candidate designs.

* Highlighted where our approach surpasses current tooling.

e Room for future work...

* Improve performance of analysis
* Model simplification
e Solvers
* Surrogate models
* Extending our reference model to accommodate fault tolerant architectures.

* Refining the early design candidates to detailed designs.
* ROI for design exploration tools.



Thanks for Listening!

Questions?



